Hypoxia in ischemic limbs typically initiates angiogenic and inflammatory factors to promote angiogenesis in attempt to restore perfusion, and revascularization involves multiple cell types and systems. Macrophage display phenotype plasticity, and can polarize in response to local and systemic cytokine stimuli. M2 macrophage are known to play an important role in angiogenesis and wound healing. While accepted that many pro-inflammatory cytokines induce angiogenesis, the effects of anti-inflammatory interleukins on initiation of angiogenesis are less clear. Interleukin-19 [IL-19] is a presumed anti-inflammatory cytokine, with unknown effects on macrophage polarization. In our recent study, we used several experimental approaches and determined that IL-19 regulated neovascularization in the murine hind-limb ischemia model. In addition to endothelial cells, we found that IL-19 could target and polarize macrophage to the M2 phenotype. IL-19 could induce expression of angiogenic, and reduce expression of anti-angiogenic cytokines in these cells. This is the first study to demonstrate that IL-19 could polarize macrophage, and potentially identifies IL-19 as a therapy to induce angiogenesis in ischemic tissue.
Despite an increased awareness of risk factors and a better understanding of its etiology, Peripheral vascular disease (PVD) effects millions of individuals world-wide. It is a significant medical and socioeconomic problem contributing to the mortality of multiple diseases including myocardial infarction, diabetes, and peripheral vascular disease. It will worsen with increasing co-morbidities such as metabolic syndrome and Type 2 diabetes, which are reaching epidemic proportions. Symptoms of PVD include intermittent claudication, which is pain, weakness, or other discomfort when the affected muscle are used. More severe cases are classified as critical limb ischemia, which in extreme cases results in ulceration and loss of under perfused ischemic tissue.
Neovascularization is a necessary vascular repair mechanism to preserve tissue and organ viability in response to ischemic conditions in peripheral limb vasculature and in ischemic myocardium. Hypoxia in ischemic limbs typically initiates angiogenic and inflammatory factors to promote angiogenesis in an attempt to restore perfusion. As with any complex process, ischemic revascularization involves multiple cell types and systems. While neovascularization and inflammation are independent biological processes, they are linked in response to injury and ischemia, and both inflammatory and anti-inflammatory processes participate in angiogenesis.
Macrophage have a remarkable plasticity in order to effectively respond to environmental changes. They can modify their phenotype and exert different functions depending on proximate signals. Based on the activation
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route macrophages can generally be divided into two major populations: classically activated or M1 macrophages induced in particular by LPS, IL-1β and Th1 cytokines, such as IFNγ. Macrophage activation by Th2 cytokines, such as IL-4, IL-13 or glucocorticoids leads to a second, or alternatively activated M2 profile [1] . M1 macrophages are associated with inflammation, while alternatively activated macrophages are thought to promote fibrosis, wound healing, neovascularization and granuloma formation [2, 3] . Activated M1 macrophages which produce nitric oxide (NO) and pro-inflammatory cytokines such as TNFα, IL-6, IL-1β and IL-12 can induce a potent inflammatory response in the host tissue [4] . In contrast, alternatively activated M2 macrophages dampen or resolve local inflammation by producing IL-10, IL-1 receptor agonist and TGFβ [5] . The M2 phenotype also is characterized by the induction of Arginase 1 (ARG 1), rather than inducible nitric oxide synthase (iNOS). Arginase competes with iNOS to deplete arginine stores of macrophages and produces polyamines and proline rather than NO, both of which are important for cell differentiation and collagen production [6] .
Both subtypes of macrophages are required during arteriogenesis, and the release of chemotactic factors, such as TNFα, and MCP1 by M1 macrophages enhanced recruitment of circulating leukocytes from the circulation [7, 8] . Most investigations however, have demonstrated a more prominent role of M2 macrophages in arteriogenesis. M2 macrophages express a considerable number of angiogenic growth factors such as VEGF-A, TGFα, IGF-1, PDGF-β and HGF, and promote wound repair and neovascularization [9] [10] [11] . Jetten et.al demonstrated in vitro tube formation was induced by conditioned medium of M2 macrophages, in contrast with conditioned medium of M0 and M1macrophages, which actually inhibited tube formation [12] . Thus, factors which generate the M2 phenotype can be considered to be indirectly angiogenic by virtue of their ability to elicit angiogenic cytokine synthesis from macrophage.
While intuitive that the inflammatory state of ischemic tissue may dictate whether that tissue becomes neovascularized or necrotic, the role of and direct effects of anti-inflammatory interleukins on initiation of angiogenesis remain largely uncharacterized. Over the last several years, our laboratory has focused on one such anti-inflammatory cytokine, Interleukin-19 and the role it may play in vascular pathophysiology, including PVD. IL-19 is a unique Th2 interleukin first described in 2001 [13] . IL-19 was originally placed in an IL-10 sub-family, which includes IL-20, IL-22, and IL-24, but IL-19 is functionally distinct from these sub-family members and especially IL-10.IL-19 is reported to be anti-inflammatory because in T-lymphocytes it promotes the Th2 [regulatory], rather than the Th1 (T helper) response, although the mechanism[s] behind this response have not been characterized [14] [15] [16] [17] .
In contrast to other interleukins, IL-19 targets resident vascular cells in addition to immune cells, with the potential for multiple modes of action. Our initial studies of IL-19 function outside the immune system reported that IL-19 was expressed in angiogenic tissue, and has potent pro-angiogenic effects on multiple human EC types, [umbilical vein, coronary artery, and microvascular] [18] . This manuscript reported that IL-19 is chemotactic and mitogenic for EC, promotes tube-like structure formation on Matrigel, and microvessel formation in the mouse aortic ring assay. These inaugural studies, though novel, were all cell culture or ex vivo based, and lacked validation in a relevant in vivo model of angiogenesis.
We recently published a study to determine the angiogenic effects of IL-19 utilizing the hind limb ischemia model in which to mirror PVD [19] . In this manuscript, murine hind limb ischemia was induced by femoral artery ligation, and changes in blood perfusion quantitated using Laser Doppler Perfusion Imaging (LDPI).We observed that wild type mice receiving i.p. injections of rIL-19 [10 ng/g/day] showed significantly increased levels of perfusion compared to PBS controls. Using IL-19 knock out mice and femoral artery ligation, we observed significantly decreased LDPI values in IL-19 −/− mice when compared to wild type mice. To draw a tighter association between IL-19 and increased blood perfusion, we utilized a "rescue" approach, in which IL-19 −/− mice injected with rIL-19. In this arm of the study we found that IL-19-/-mice injected with rIL-19 had significantly increased LDPI compared with PBS control mice. Quantitative immunohistochemistry on ligated gastroc muscle determined increased capillary density in rIL-19 treated mice, and significantly less capillary density in IL-19 −/− mice.
While treatment of cultured human endothelial cells induced expression of a number of angiogenic cytokines, perhaps more interesting and unexpected, were IL-19's effects on macrophage. Several reports in the literature show that in this model of hind limb ischemia, mononuclear cell infiltration begins 1 day post-surgery and generally resolve by 7-14 days post-surgery [20] . In a second study, transcripts related to immune function were induced 1-3 days post-ligation surgery [21] . To test the hypothesis that IL-19 might modify macrophage infiltration into ischemic hind limbs, we first performed immunohistochemistry on ligated gastroc muscle using anti-CD68 antibody and detected that total macrophage infiltrate was not significantly different between IL-19 and saline-treated mice. We next performed quantitative RT-PCR using primers for several M1 and M2 markers on hind-limbs from mice ligated 5 days earlier to determine IL-19 effect on localized macrophage phenotype at the site of angiogenesis. We observed that mice treated with IL-19 had significantly increased expression of M2 markers compared with mice injected with saline. Two additional experiments were performed to further validate the M2 polarizing effects of IL-19. First, expression of macrophage phenotype markers quantitated by qRT-PCR from spleen recovered from mice subject to hind limb ischemia. Mice injected with IL-19 expressed significantly increased expression of M2 markers compared with saline-injected controls. Since M2 polarized macrophage are purported to synthesize angiogenic cytokines, we hypothesized that IL-19 could induce expression of VEGF in macrophage. VEGF-A is a primary driver of neovascularization, and its expression in macrophage presumably drives angiogenesis in a juxtacrine fashion in local EC. RNA was isolated from spleen from mice subject to hind limb ischemia, and we observed that VEGF-A mRNA expression was significantly increased in mice treated with rIL-19 compared with saline controls. Correspondingly, significantly less VEGF-A was detected in spleen from IL- In addition to being pro-inflammatory, Interleukin-12 is also a potently anti-angiogenic cytokine expressed in leukocytes [23] . Angiogenesis is increased in IL-12 -/-mice, and IL-12 has been considered as an anti-tumor therapy [24] . Since IL-19 is anti-inflammatory, we hypothesized that IL-19 might reduce IL-12 expression in macrophage. Using quantitative RT-PCR, we observed that IL-12p40 mRNA expression was significantly decreased in spleen from mice subject to hind limb ischemia which were injected with rIL-19. Correspondingly, IL-12p40 expression was significantly increased in spleen from IL-19 -/-mice compared with wild-type controls. Finally, we observed that pretreatment of BMDM with IL-19 could significantly decrease TNFa-driven IL-12 mRNA and protein expression.
In summary, injection of IL-19 can increase, and lack of IL-19 can decrease reperfusion and angiogenesis in ischemic hind limbs. Our recent report suggest that IL-19 exerts pro-angiogenic effects by at least three mechanisms: 1-direct angiogenic effects on EC; 2-macrophage M2 polarization and VEGF-A induction, and; 3-reduction of IL-12 expression in macrophage. This work suggests that IL-19 may represent potential therapy in treatment of PVD. Future studies need to determine if IL-19 regulation of angiogenesis is primarily facilitated by direct effects on vascular cells, or by macrophage M2 polarization.
